
SAIL: Salmon and Sturgeon 
Assessment of Indicators by Life stage 

Endangered Sacramento River 
Winter-run Chinook Salmon 

Southern DPS of N. American 
Green Sturgeon & Sacramento-
San Joaquin White Sturgeon 

Opportunities for Improved Fisheries Management in the San Francisco Estuary Watershed 
Through Life Stage Monitoring: 

IE Director’s charge:  

IEP Directors’ charge: To analyze and synthesize existing information and to 
provide a focused framework for salmon & sturgeon monitoring and 
targeted studies, in the Delta and Sacramento River, with high potential to 
inform management decisions (NMFS BiOp, Recovery Plans, etc.). 

Team Leads: Dr. Rachel Johnson & Joe Heublein 



Increasing the management value of life stage 
monitoring networks for three imperiled fishes in 
California's regulated rivers:  
 
Case study Sacramento Winter-run Chinook Salmon 
Rachel C. Johnson (NMFS/SWFSC), Sean Windell (DSP), Patricia Brandes (USFWS), J. Louise Conrad 
(DWR), John Ferguson (Anchor QEA), Pascale Goertler (DWR), Brett Harvey (DWR), Joseph Heublein 
(NMFS/CCAO), Joshua A. Israel (USBR), Joseph Kirsch (USFWS), Todd Miller (USFWS), Russell Perry 
(USGS), Joseph Pisciotto (CDFW), William R. Poytress (USFWS), Kevin Reece (DWR), and Brycen Swart 
(NMFS/CCAO) 

Case study Southern DPS of N. American Green Sturgeon 
and Sacramento-San Joaquin River White Sturgeon  
Joseph Heublein (NMFS), Russ Bellmer (CDFW), Robert Chase (USACE), Phaedra Doukakis-Leslie (NMFS), 
Marty Gingras (CDFW), Douglas Hampton (NMFS), Joshua Israel (USBR), Zachary Jackson (USFWS), 
Rachel Johnson (NMFS), Olaf Langness (WDFW), Sean Luis (NOAA Corps),  
Ethan Mora (NMFS/SWFSC), Mary Moser (NMFS/NWFSC), Larissa Rohrbach (Anchor QEA), Alicia 
Seesholtz (DWR), Ted Sommer (DWR), and Jeffrey Stuart (NMFS) 



Sub-model Framework 
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Mark-recapture Carcass Survey  
 

Red Bluff Diversion Dam RSTs = 

Data sources:  Killam et al. 2015, Poytress 
2016, Johnson & Lindley 2016 





Winter-run 
Monitoring Network  

Tier 4:  Fish responses 
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Winter-run 
Monitoring Inventory  

1) Genetic run ID 2) Abundance 

3) Survival 4) Diversity 

5) Condition 6) Data access 

6 System-wide Recommendations 



Advancement #1: Genetic ID 

• 3 of 44 winter-run sized fish were true 
genetic winter run exiting Delta in 2016  

 
• Overestimating winter run movements 

through the Delta  

LAD run 
identification 

• Large effects on our understanding of the 
influence of water project operations. 



 Advancement #2: Abundance 

• Quantitative estimates at 
ecologically & 
management-relevant 
locations 

 
• Gear efficiency estimates 

expand raw catches to 
population estimates 

 
• Delta entry and exit 
 
• Disentangle freshwater 

from marine mortality 
 

Russ Perry: “A Hybrid Study Design 
Combining Acoustic Telemetry & Coded 
Wire Tagging to Estimate Trawl Efficiency & 
Run-Specific Abundance of Juvenile Salmon 
Entering and Exiting the Delta” 



 Advancement #3: Enhanced real-time acoustic telemetry network  
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Data courtesy of R. Perry (USGS) and DWR 

• System-wide, real-time core 
acoustic array linked to WQ 

 
• Improve understanding where 

fish are in the system 
 

• Establish & measure ‘survival 
standard’ 

 

• Representative populations 
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• Operational flexibility 
 

• Annual reach-specific and 
system-wide survival 

 
Jon Burau (USGS)- DREAMS- Delta 
Real-time Enhanced Acoustic 
Monitoring Stations 



Advancement #4:  
Behavioral and genetic diversity at multiple life stages 

Phillis et al. , unpublished 

Juvenile rearing habitat diversity 



RAFT model Pike et al. 2013 
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Advancement #4:  
Behavioral and genetic diversity at multiple life stages 

• Tissue library of adults [and juveniles] 

• Link individuals to specific parents 

• Monitor how many parents contributed 
progeny in a given year (Ne) 

• Evaluate how adult spawn timing, 
location, origin (hatchery or wild), and 
water operations influence reproductive 
success  



 Advancement #5: Condition 

Photo S. Foott USFWS 

• 86% and 94% sentinel late-fall  
      infected in 2015 (S. Foott) 

Pathogen monitoring, stress markers, infection, and predation risk 

Photo courtesy of C. Jeffres UCD 

Delta rearing and growth 

• Only 4 days difference in age 

• Freshwater growth & condition 
influences early ocean survival 
(Woodson et al 2013) 



 Advancement #6: Data Access 

 Josh Israel: ”SacPAS: Sacramento Prediction and Assessment of Salmon through Ecological 
Data and Modeling for In-Season Management” 



Winter-run 
Monitoring Network  

1) Genetic run ID 2) Abundance 

3) Survival 4) Diversity 

5) Condition 6) Data access 



Sturgeon team objectives  

1. Identify key questions in sturgeon management  

2. Determine the extent and performance of the 
existing monitoring enterprise 

3. Develop conceptual models illustrating potential 
studies that address outstanding  questions 

4. Provide general monitoring study 
recommendations based on #1,2, and 3  



1. Sturgeon management questions 

Population status &  
trends   

Mechanistic studies for 
 management actions 

48,338 report cards sold 



Monitoring categories   

• Life stage surveys 

• Tissue analyses 

• Telemetry 

• Population modeling  

Population status & trends   Mechanistic studies  

Figure Fish 2010 

Photo USFWS  



2. Green and white sturgeon 
monitoring inventories  

 



3. Sturgeon model framework 
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4. Recommendation: Life stage surveys 
 
Eggs- egg mats 
     
Larvae- rotary screw traps & D-nets 
     
Juveniles- benthic/otter trawls & gill nets   
      
Adults- trammel/gill nets in estuaries  
      
Spawners- DIDSON spawning surveys                                   
Mark-recapture/telemetry              

D- 

B 

C 

B 

A- 



4. Recommendation: Tissue analyses 
 

 
• Genetic parentage and relatedness  

 
 
 
 

 
 

• Age and life-history from pectoral fin rays  
 
 
 
 
 
 
 
 
 
 

Photo L. Heironimus USFWS  

+ 

Photo Z. Jackson USFWS 



4. Recommendation: Telemetry 

• River and estuarine migration 
of juveniles 
 

• Distribution and survival of 
adults and subadults 
 

• *Long-term support of 
acoustic array including 
maintenance of an accessible 
detection database 
 
 

Photo NOAA 



4. Recommendation: Population modeling & synthesis 

 
• Development and technical review  
    of juvenile recruitment indices 
 
 
 
 
• Improvement of abundance and  
     harvest  modelling techniques  

 
 
 
• Multi-state synthesis estimates  
    of abundance for green sturgeon 

 

Figure Gartz 2007 

Photo CDFW 

Figure Beamesderfer et al. 2005 



Opportunities in the San Francisco Bay-Delta 

• Recruitment indices for juvenile sturgeon- 
   IEP/CDFW Bay Study, salvage   
• Marking, acoustic tagging, and tissue analysis-  
   IEP/CDFW Sturgeon Study, fyke traps, rescue and   
   relocation, pilot juvenile gillnet surveys  
• Synthesizing environmental conditions, operations, 

and cohort trends-  
   Sturgeon Study, commercial passenger vessel boat         
   logs, tag returns and report cards, salvage, 20mm    
   Survey, Bay Study    

 
 

 



Sturgeon recap  

1. Management questions- answers to almost all 
questions rely to a degree on life-stage surveys 

2. Monitoring inventory- monitoring inventories are 
necessary to establish context and feasibility for 
testing hypotheses/questions 

3. Conceptual models- conceptual models provide a 
framework for illustrating and organizing 
recommendations to address these hypotheses 

4. Recommendations- monitoring alone will not 
produce a single sturgeon but effective 
monitoring may inform management decisions 
that have population-level effects   

 



SAIL process summary 

Lessons Learned and Key Considerations  

• Status and trend monitoring at appropriate scales 
for adaptive management across fragmented 
regulatory authorities & landscapes  

1. “Delta” vs. “Sierra-to-^the-Sea” 

2. “Compliance monitoring” and new regulatory horizons 

including 

• SWRCB’s Water Quality Control Plan update, 
WaterFix, EcoRestore, SWP/CVP re-consultation, life 
cycle models (salmon and smelt) data needs  

3. Framework & ecosystem performance indicators 
• Emerging science & evolving technologies 
• Summary of existing monitoring…helpful; rolling up 

sleeves offering key advancements…priceless 



Questions? 


